Over 70% of the earth's surface is covered by water and there is abundant energy in the sea. Imagine if people could make full use of the energy resources under the ocean, how profoundly it would change people's lives for the better. The energy that this research is concentrated on is from the surface wave motion, which is totally eco-friendly and to some extent 'endless'.
INTRODUCTION
In the present age, energy shortage has become one of the biggest global issues. Over 70% of the earth surface is covered by water and abundant energy is contained in the sea. Wave energy is one of the most common energies in the sea. Using the wave motion energy to produce power is totally eco-friendly and to some extent 'endless'. If the wave energy could be captured efficiently, it would not only solve the global energy shortage problem, but could also change the world for the better.
Ocean wave energy conversion devices (OWECDs) are commonly utilized to capture and transfer wave motion energy to useful power (for example, electricity). At present, various kinds of OWECDs have been invented, for example, Nodding Duck, Archimedes wave swing, SEAREV wave energy converter, Pelamis and WITT, to name just a few.
In this research study, a literature review is conducted to illustrate background information and current OWECD research status. The development of the ocean wave energy conversion systems and some famous OWECDs worldwide are investigated.
Currently, OWECDs researchers mainly concentrate on the single DOF motion transformation rather than multi DOF motion transformation. For instance, most of OWECDs are designed to collect merely vertical motion. However, wave motion is complicated and has multi-directional movement. So, it is underutilization of energy. For the purpose of durability and maintenance, constraining buoys into single DOF in oceanic environment requires extra effort as well. Consequently, a research on multi-motion conversion devices is needed. One of goals of this research project was to investigate, compare and analyse the differences between existing OWECDs and fill the gap.
Critical aspects of this project are:
 Insufficient models to simulate ocean waves.  Test bed should be simple in structure and small in size for easy manufacturing and deploying.  Analyze the shape of the buoy.  Calculate the efficiency and internal force analysis.  Consider different levels of sea states.
THE NEW VERSION OF OCEAN ENERGY RECOVERY SYSTEM

Overview
Ocean wave motion energy can be collected and transformed to useful energy by employing OWECDs. Sea conditions are complicated and wave force and motion are diverse in direction. However, most OWECDs are designed to collect wave movement in a single-DOF and research has not considered various sea states.
This investigation is based on the study of the existing ocean energy recovery system research outcomes, and a research-prototype of multi DOF OWEC device is presented, which is capable of collecting multi-DOF movement of ocean waves. The concept and feasibility is proved and the performance and efficiency under different sea states has been investigated. Furthermore, different types of OWECDs were compared. The specific oceanic device (test-bed) has been optimized, simulated and manufactured.
Simplified Ocean Wave
For the purpose of extracting power from ocean wave, parameters of ocean waves are required. The ocean wave is simplified into a linear model, as illustrated in Figure 1 , with some characteristics demonstrated. We have obtained the displacement, horizontal direction, horizontal acceleration, vertical velocity and vertical acceleration of waves under sea states 1 to 8 (as illustrated in Table 1 ). It is noted that ocean wave length and wave period have been acquired by statistics analysis method. Displacement and velocity are calculated based on the collected data. However, in reality, ocean waves are complicated and unpredictable phenomena. The results from this analysis are for the ideal model of a one-dimensional simple wave. 
Energy for Simplified Wave
The energy of the one-dimensional simplified wave consists of the kinetic energy and potential energy of all water particles. The potential energy for every unit cross section of the simplified wave is:
( 1 ) The potential energy for unit width in one simplified wavelength is:
( 2 ) Meanwhile, in one simplified wavelength the kinetic energy is:
( 3 ) Thus, in a single wavelength, the amount of potential energy is equal to the amount of kinetic energy, which is E.
( 4 ) This has shown that the power contained in a simple wave in one period is proportional to the wave height squared. For this reason, the wave power can be varied under different sea states. Usually, the fluctuation in deep sea has limited wave energy. Thus wave energy is mainly contained on the water surface. The power of a simple wave has been deduced: ( 5 ) 2.4. The Initial OWEC System Structure Generally, the structure of an OWEC system consists of a wave capturing device, wave conversion equipment and energy storage equipment. As illustrated in Figure 2 , a research prototype is designed in this project. The wave capturing device is the cylinder buoy while the energy storage part is the generator. When the buoy floats on the ocean surface, it moves up and down by ocean wave forces which have kinetic and potential energy. The rack that is connected to the buoy then has the up and down motion that drives the spur gear, which transforms the wave motion to circular motion. The motion is stored in the flywheel and drives the generator. This prototype is able to collect vertical wave motion, however, the mechanical loss tends to be considerable because of the orbit. Moreover, the rack is directly in contact with water when operating, which accelerates the corrosion of the part.
NEW DESIGN OF OWEC PROTOTYPE
Structure and Operation
In order to capture all directions of wave motion, the wave conversion equipment has been installed inside of the wave capturing equipment (buoy) which is shown in Figures 3 and 4 . As the buoy floats on the water, the impact of the wave makes it move in six DOF. The conversion device acquires the same movement as the buoy does. The kinetic energy and potential energy are activated in the pendulum and drive the bevel gear automatically. Eventually the wave movement is converted to kinetic energy of the flywheel and drives the generator autonomously. The pendulum in the wave conversion equipment is able to control the pitch and roll while operating. Each movement or combination of these two movements of the pendulum result in the spinning of the pendulum.
Inside each of the small bevel gears, there is a one-way clutch, which ensures the shafts spin in one direction continuously.
SIMULATION
Setting up the Model in Abaqus Software
The mesh of every part of the structure has been generated in hexahedral units, of type C3D8. There are 30120 meshes and 45832 nodes in the model.
Tie, hinge connector and contact were three types of constraining sets in this model. Spur gears were tied with shafts. The constraints between shafts and bearings were set as hinge connectors with the friction coefficient of 0.02. It is noteworthy that one-way clutches were set as a hinge connector as well. In order to define a nonlinear damping with infinite damping in one spinning direction and no damping in the, gear engagements were set as "contact", with friction coefficient of 0.2. The fully constrained model is shown in Figure 5 . 
Efficiency of Wave Energy Conversion
The efficiency for the wave energy conversion can be deduced by the output power of the flywheel divided by the input power of ocean wave.
In this case, the input power of a simplified ocean wave was obtained, thus only the average flywheel output power is needed.
For sea state 1, from Table 1 , the input acceleration is:
, T=7.2s
Some of the calculation results from Abaqus are listed in Table 2 . The average output power can be obtained by dividing the average value of the accumulative output energy by time.
( u n i t s )
Thus, the efficiency under the sea state 1 is:
Similarly, the wave energy conversion efficiency under sea state 2, 3 and 4 are 12.4%, 6.35% and 3.54%, respectively.
The OWEC device has maximum efficiency under sea state 2 which is around 12.4%. Compared to the previous OWEC device which has a wave energy conversion efficiency of 8%, this optimized version of the OWEC device is more efficient in ocean wave collection.
DISCUSSION AND CONCLUSIONS
In this paper, the ocean wave parameters and a previous model of an automatic OWEC device have been analyzed and discussed. The new version of OWEC prototype has been modelled in Inventor software and simulated in Abaqus Software based on different sea states. The automatic ocean wave energy conversion efficiency has been considered under sea states 1, 2, 3 and 4. In the future, the following points are areas that can be investigated:
• The manufacturing of the research prototype and ocean trials.
• An investigation into the efficiency improvement of the OWEC prototype.
• The mechanism improvement of the prototype.
• Optimization of the simulation method and process.
